A sensitive PCR assay that detects the thermophilic campylobacters C. jejuni, C. coli, C. lari, and C. upsaliensis is reported. Furthermore, by digestion of the PCR products with two restriction enzymes, species differentiation was demonstrated. Thus, the present method has the potential to be used for both detection and identification of thermophilic Campylobacter species.
for 1 min for 45 cycles, followed by a final extension at 72°C for 5 min. The temperature protocol was preceded by a 12-min incubation at 94°C in order to activate the AmpliTaq Gold polymerase. The PCR products were visualized by 3% agarose gel electrophoresis. To differentiate between species, 10-l samples were removed from PCR-positive mixtures and digested in two separate reaction tubes for 1 h with either 0.5 U of AluI at 37°C or 0.5 U of Tsp509I at 65°C. PCR products of type strains with known banding patterns were digested and analyzed in parallel with unknown samples in order to ensure cleavage activity. Banding patterns, easy to interpret, were reproducibly obtained and visualized by gel electrophoresis (Fig. 1) .
The most variable part of the 23S rRNA gene, located between helices 43 and 69 (7), of different Campylobacter species has been extensively sequenced and used as a target for species-specific PCR methods (4, 8) . One primer pair, THERM1 and THERM2, has been shown to specifically detect the thermophilic Campylobacter species (4). In the present study, THERM1 was used together with a new primer, THERM4 (5Ј-CTTCGCTAATGCTAACCC-3Ј). THERM4 was constructed to perfectly match the sequences of the thermophilic species by using published DNA sequences ( Table 2 ). The primer pair THERM1 and THERM4 demonstrated high specificity, giving a PCR product of the correct size for all strains of the thermophilic group, but not for other Campylobacter species or other bacteria (Table 1) . One isolate of Campylobacter mucosalis, though, gave a faint band of the correct size. This band, however, disappeared when the MgCl 2 concentration was lowered to 0.5 mM. Nevertheless, the higher MgCl 2 concentration was used throughout the study, since amplification of the C. mucosalis isolate resulted in a barely visible band on the gel and the restriction fragments of this PCR product generated unique banding patterns clearly distinguishable from those of the target species.
The PCR assay detected as few as one to five cells or chromosomes of C. jejuni SLV-428. The number of chromosomes was calculated according to the chromosomal size estimated by Karlyshev et al. (10) . The detection of such a low number of cells is probably enhanced by the occurrence of three copies of the 23S rRNA genes on the chromosome (18) .
Restriction enzymes specifically recognizing polymorphic areas within the amplified segment were identified with the WWWtacg version 2.38 software (Harry Mangalam, University of California, Irvine). Digestion with AluI gave unique combi- b The disagreements between the biochemical and genetic typing are discussed in the text. c One strain of C. mucosalis gave a faint band of the correct size when using 1.5 mM MgCl 2 . This band disappeared when the MgCl 2 concentration was lowered to 0.5 mM.
nations of fragments for C. jejuni and C. lari, respectively (Fig.  1) . Isolates of C. upsaliensis showed either of two AluI banding patterns, one of which was the same as that for C. coli (Fig. 1) .
The two different AluI patterns of C. upsaliensis strains were expected, since both sequence variants have been published (Table 2) . Differentiation between C. coli and C. upsaliensis was achieved by using a second enzyme, Tsp509I, which resulted in discriminatory banding patterns (Fig. 1 ). There was a discrepancy between the expected identity and the result of the PCR assay in two cases of 118 thermophilic campylobacters tested (Table 1) . One human isolate previously identified as C. jejuni was typed as C. coli according to the restriction banding patterns. This isolate was positive for hippurate hydrolysis and was accordingly PCR positive for the hippuricase gene only present in this species (12) . Thus, the PCR assay failed to classify this isolate correctly. The second isolate, a veterinary strain previously typed as C. coli, was according to the PCR assay C. jejuni. The PCR typing result was supported by a positive amplification of the hippuricase gene. However, the DNA fragment generated was about 300 bp shorter than expected (12) . Nevertheless, all other C. coli isolates analyzed were negative for the hippuricase gene PCR, indicating that this particular isolate in fact is a C. jejuni strain with a truncated hippuricase gene, thus explaining the negative hippurate hydrolysis phenotype characteristic of strains of C. coli. The PCR method presented in this study identifies with a single PCR low numbers of thermophilic campylobacters (1 to 5 CFU). In addition, by two simple restriction enzyme digestions performed directly in the PCR mixture, it differentiates between species within this group of bacteria. Thus, the method has the potential to be used for detection and identification of thermophilic campylobacters in complex samples, such as foods in which low numbers are present. This method also has the possibility of complementing or replacing phenotypic methods for identifying thermophilic Campylobacter species.
